polarized lead zirconate-lead titanate (or barium titanate) disk which ~is silvered on both sides to provide electrical contact. The atoms are stopped in one of the silvered surfaces, and the resulting change in temperature gives rise to a pyroelectric signal. In our application the atomic beam is chopped, and the signal-to-noise ratio is increased by --phase-sensitive amplification. Our detectors have been calibrated from 1.6 -x 10-7 to 3 x 10~1 watt, and are remarkab~ linear over this range.
Atomic collision experiments often require quantitative measurements of fluxes of energetic atoms. When the fluxes are too high for particle counting techniques to be applicable, detectors commonly used measure electron currents emitted from bombarded surfaces, light emitted from scintillators, temperature rise in thin foils (with thermocouples or thermistors), or currents arising from ionization in gas cells or thin foils.
In this note we describe a detection method that utilizes the p,yroelectric effect.
The detector consists of a polarized lead·zirconate-Ieadtitanate (or barium titanate) ceramic disk which is silvered on both sides to provide electrical contacts. The atoms are stopped in one of the silvered surfaces and the resulting change in temperature causes a change in the polarization, which induces a potential difference across the two surfaces. In our application the beam is chopped and an alternating signal is obtained. This simplifies amplification and interpretation of the signal and allows us to increase our signal-to-noise ratio by measuring the signal with a phase-sensitive amplifier.
.. this lead is shorted to ground during measurements of the P,yroelectric signal. The P,yroelectric signal is obtained from a spring-loaded contact to the back surface of the disk. The internal structure is supported by a vacuum-tight ceramic feed-through seal, and the whole assembly is attached to the accelerator vacuum system by a nonconducting sleeve to avoid multiple grounds. At lower levels above about 10-3 watt the signal could be amplified and used directly. Below this power leVel we have problems with acoustical and electrical nOise, and therefore routinely use phasesensitive detection.
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The experimental arrangement is shown in Fig. 2 . The accelerator beam of known energy is chopped, and the charged and neutral components emerging from a gaseous or solid target (not shown in Fig. 2 ) are electrostatically separated. The modulated signal from the P,yroelectric ceramic passes through a preamplifier and then.into a phase-sensitive amPlifier.
8
The output of the phase-sensitive amplifier is monitored with an oscilloscope, displayed on a current meter, and integrated.
The neutral detection system is calibrated by switching the charged component from the accelerator onto the pyroelectric disk. As this is .
easily done many times during an actual experiment, the usefulness of the device does not require a constant proportionality between input power and output signal. However, the device is remarkable linear in the range in which we have calibrated it, which covers more than six orders of magnitude (Fig. 3) . We have not attempted to calibrate at power levels above 300 milliwatts or below about 100 nanowatts, but noise of as yet undetermined origin limits the usefulness below 150 nW with the integratio~ times that we commonly use, 3 sec or less.
The dependence of the detection sensitivity on the fraction of the area of the detector that was illuminated was checked in an auxiliary experiment: The surface of a disk was blackened to make the absorption uniform and a chopped light beam from a distant source was initially focused on the detector. By moving the detector away from the focal point, the area of illumination could be varied while constant power was maintained. Within the 10% uncertainties of the experiment, the signal was constant, i.e., independent of the illuminated area. Hz, and were found to drop off with increasing frequency as predicted.
For convenience in tuning and monitoring the beam, we prefer to operate at a frequency higher than f ,namely about 10.5 Hz. The data shown in max . • This report was prepared as an account of Government sponsored work.
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